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DETAILED ACTION 

Specification 

1 . Claims 1,13, and 14 are objected to because of the following informalities: 

2. Regarding claims 1 and 1 3, change "loose" to "lose". Appropriate correction is 
required. 

3. Regarding claim 1 3, change the second "a barrier metal film" to "the barrier metal 
film" to properly referring back. 

4. Regarding claim 14, change "a barrier metal film" to "the barrier metal film," and 
change "a buried interconnect" to "the buried interconnect," to properly referring back. 

Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 
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7. Claims 1-7,9, and 12 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Bernstein et al (US Patent 6,452,251 B1), in view of Zhang et al (US Patent 
6,420,740 B1), further in view of Wang et al (US Patent 6,462,417 B1). 

8. Regarding claim 1 , Bernstein teach that a semiconductor device comprising: an 
insulation film (film 29 in fig. 1 F) formed on a substrate (insulator 22); a buried 
interconnect (copper layer 53) formed in the insulation film; and a barrier metal film 
(layers 41 , 49, 51) formed between the insulation film and the buried interconnect, 
wherein the barrier metal film is formed of a lamination film of a metal compound film 
(layer 41 in fig. 1F) and a metal film (layer 51 in fig. 1F, column 4, lines 17-21). 

9. However, Bernstein do not teach that the metal film having a property of not 
losing its conductivity when being oxidized. 

10. In the same field of endeavor, Zhang teach a metal which does not lose its 
conductivity when being oxidized (column 2, lines 4-5) for the benefit of having good 
adhesion with the substrate (column 2, lines 59-61). 

1 1 . Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to use a metal which does not lose its conductivity when being oxidized 
for the benefit of having good adhesion with the substrate. 

12. Also, Bernstein do not teach that a fusion layer obtained through fusion of the 
metal compound film and the metal film with each other is present in the vicinity of an 
interface between the metal compound film and the metal film. 

1 3. In the same field of endeavor, Wang teach that a fusion layer (CuTi layer 226 in 
fig. 3) obtained through fusion of the metal compound film (TiN barrier material interface 
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227 in fig. 3) and the metal film (copper seed layer 228 in fig. 3, column 5, lines 26-52) 
with each other is present in the vicinity of an interface between the metal compound 
film and the metal film for the benefit of forming a strong coherent bond (column 5, lines 
47-52). 

14. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to form a fusion layer obtained through fusion of the metal compound film 
and the metal film with each other is present in the vicinity of an interface between the 
metal compound film and the metal film for the benefit of forming a strong coherent 
bond. 

15. Regarding claim 2, Bernstein do not teach that the semiconductor device of claim 
1 , wherein a metal forming the metal compound film and a metal forming the metal film 
are different elements from each other. 

16. Wang teach that a metal forming the metal compound film and a metal forming 
the metal film are different elements from each other (column 5, lines 5-52). 

17. Regarding claim 3, Bernstein teach that the semiconductor device of claim 1 , 
wherein a metal forming the metal compound film and a metal forming the metal film are 
the same element (column 4, lines 17-21). 

18. Regarding claim 4, Bernstein do not teach the fusion layer includes at least 
several atomic layers. 

19. Wang teach the fusion layer includes at least several atomic layers (the alloy- 
barrier material has 10 to 100 angstroms of thickness, column 5, lines 67-68). 



Application/Control Number: Page 5 

10/578,004 

Art Unit: 2826 

20. Regarding claim 5, Bernstein teach the metal compound film is formed so as to 
be jointed with the insulation film (film 29 in fig. 1F). 

21 . Bernstein do not teach the metal film is formed on the metal compound film. 

22. Wang teach the metal film is formed on the metal compound film. 

23. Regarding claim 6, Bernstein teach that the semiconductor device of claim 1 , 
wherein a metal forming the metal compound film is a refractory metal (column 4, lines 
17-21). 

24. Regarding claim 7, Bernstein teach that the semiconductor device of claim 1 , 
wherein the metal compound film has conductivity (column 3, lines 37-38 and column 4, 
lines 17-21). 

25. Regarding claim 9, Bernstein do not teach that the semiconductor device of claim 
1 , wherein the metal compound film is formed of a metal nitride film. 

26. Wang teach that the metal compound film is formed of a metal nitride film (TiN 
barrier material, layer 227 in fig. 3, lines 26-39). 

27. Regarding claim 1 2, Bernstein teach that the semiconductor device of claim 1 , 
wherein the buried interconnect is formed of copper (layer 53, fig. 1F, column 4, lines 
30-31). 

28. Claims 13,16,18-19, and 24 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Bernstein et al (US Patent 6,452,251 B1), in view of Zhang et al (US 
Patent 6,420,740 B1). 

29. Regarding claim 13, Bernstein teach that a method for fabricating a 
semiconductor device, comprising the steps of: forming a recess portion in an insulation 
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film (insulating layer 29 in fig. 1F) provided on a substrate (insulator 22); forming a 
barrier metal film (layers 41,49, and 51) so that the barrier metal film covers surfaces of 
the recess portion; and forming a buried interconnect (copper layer 53) on the barrier 
metal film so that the recess portion is filled, wherein the step of forming the barrier 
metal film includes the step of forming a metal compound film (layer 41 in fig. 1 F, 
column 4, lines 17-21) so that the metal compound film covers surfaces of the recess 
portion and then forming on the metal compound film by physical vapor deposition 
(column 3, lines 43-45) a metal (layer 51 in fig. 1F, column 4, lines 17-21) film. 

30. However, Bernstein do not teach that the metal film not losing its conductivity 
when being oxidized. 

31 . In the same field of endeavor, Zhang teach a metal which does not lose its 
conductivity when being oxidized (column 2, lines 4-5) for the benefit of having good 
adhesion with the substrate (column 2, lines 59-61). 

32. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to use a metal which does not lose its conductivity when being oxidized 
for the benefit of having good adhesion with the substrate. 

33. Regarding claim 16, Bernstein teach that the method of claim 13, wherein a 
metal forming the metal compound film and a metal forming the metal film are the same 
element (column 4, lines 17-21). 

34. Regarding claim 18, Bernstein teach that the method of claim 13, wherein a 
metal forming the metal compound film is a refractory metal (column 4, lines 17-21). 
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35. Regarding claim 19, Bernstein teach that the method of claim 13, wherein the 
metal compound film has conductivity (layer 41 in fig. 1F, column 3, lines 37-39). 

36. Regarding claim 24, Bernstein teach that the method of claim 13, wherein the 
buried interconnect is formed of copper (copper layer 53 in fig. 1 F). 

37. Claim 14-15,17, and 21 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Bernstein et al (US Patent 6,452,251 B1), in view of Zhang et al (US 
Patent 6,420,740 B1) as applied to claim 13 above, and further in view of Wang et al 
(US Patent 6,462,417 B1). 

38. Regarding claim 14, the previous combination remains as applied in claim 13. 

39. Also, Bernstein teach the step of forming the buried interconnect (copper layer 
53) that fills the recess portion (fig. 1 F). 

40. However, the previous combination does not teach the step of forming a seed 
layer on the barrier metal film. 

41 . In the same field of endeavor, Wang teach forming a seed layer (layer 228 in fig. 
3) on the barrier metal film for the benefit of forming a strong coherent bond (column 5, 
lines 47-52). 

42. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include a seed layer on the barrier metal film for the benefit of forming a 
strong coherent bond. 

43. Regarding claim 15, the previous combination remains as applied in claim 13. 
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44. However, the previous combination does not teach a metal forming the metal 
compound film and a metal forming the metal film are different elements from each 
other. 

45. In the same field of endeavor, Wang teach that a metal forming the metal 
compound film and a metal forming the metal film are different elements from each 
other (column 5, lines 5-52) for the benefit of forming a strong coherent bond (column 5, 
lines 47-52). 

46. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include a metal forming the metal compound film and a metal forming 
the metal film different elements from each other for the benefit of forming a strong 
coherent bond (column 5, lines 47-52). 

47. Regarding claim 17, the previous combination remains as applied in claim 13. 

48. However, the previous combination does not teach a fusion layer. 

49. In the same field of endeavor, Wang teach that a fusion layer (CuTi layer 226 in 
fig. 3) obtained through fusion of the metal compound film (TiN barrier material interface 
227 in fig. 3) and the metal film (copper seed layer 228 in fig. 3, column 5, lines 26-52) 
with each other is present in the vicinity of an interface between the metal compound 
film and the metal film, and wherein the fusion layer includes at least several atomic 
layers (column 5, lines 56-59), for the benefit of forming a strong coherent bond (column 
5, lines 47-52). 

50. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to form a fusion layer obtained through fusion of the metal compound film 
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and the metal film with each other is present in the vicinity of an interface between the 
metal compound film and the metal film, and wherein the fusion layer includes at least 
several atomic layers for the benefit of forming a strong coherent bond. 

51. Regarding claim 21, the previous combination remains as applied in claim 13. 

52. However, the previous combination does not teach a metal nitride film. 

53. In the same field of endeavor, Wang teach a metal compound film is formed of a 
metal nitride film (TiN barrier material, layer 227 in fig. 3, lines 26-39). 

54. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bernstein 
et al (US Patent 6,452,251 B1), in view of Zhang et al (US Patent 6,420,740 B1), further 
in view of Wang et al (US Patent 6,462,417 B1) as applied to claim 1 above, and still 
further in view of Asahina et al (US Patent 6,144,097). 

55. Regarding claim 8, the previous combination remains as applied in claim 1. 

56. However, the previous combination does not teach the metal compound film 
formed of a metal oxide film. 

57. In the same field of endeavor, Asahina teach that a metal compound film is 
formed of a metal oxide film for the benefit of improving the barrier properties (column 1 , 
lines 40-44). 

58. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include the metal compound film formed of a metal oxide film for the 
benefit of improving the barrier properties. 

59. Claim 20 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bernstein et al (US Patent 6,452,251 B1), in view of Zhang et al (US Patent 6,420,740 
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B1) as applied to claim 13 above, and further in view of Asahina et al (US Patent 
6,144,097). 

60. Regarding claim 20, the previous combination remains as applied in claim 13. 

61 . However, the previous combination does not teach the metal compound film 
formed of a metal oxide film. 

62. In the same field of endeavor, Asahina teach that a metal compound film is 
formed of a metal oxide film for the benefit of improving the barrier properties (column 1, 
lines 40-44). 

63. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include the metal compound film formed of a metal oxide film for the 
benefit of improving the barrier properties. 

64. Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bernstein et al (US Patent 6,452,251 B1), in view of Zhang et al (US Patent 6,420,740 
B1), further in view of Wang et al (US Patent 6,462,417 B1) as applied to claim 1 above, 
and further in view of Wang et al (US Patent 6,445,070 B1). 

65. Regarding claim 10, the previous combination remains as applied in claim 1. 

66. However, the previous combination does not teach the metal compound film 
formed of a metal carbide film. 

67. In the same field of endeavor, Wang teach a metal compound film formed of a 
metal carbide film for the benefit of forming a strong coherent bond (column 5, lines 28- 
52). 
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68. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include a metal compound film formed of a metal carbide film for the 
benefit of forming a strong coherent bond. 

69. Claim 22 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bernstein et al (US Patent 6,452,251 B1), in view of Zhang et al (US Patent 6,420,740 
B1) as applied to claim 13 above, and further in view of Wang et al (US Patent 
6,445,070 B1). 

70. Regarding claim 22, the previous combination remains as applied in claim 13. 

71 . However, the previous combination does not teach the metal compound film 
formed of a metal carbide film. 

72. In the same field of endeavor, Wang teach a metal compound film formed of a 
metal carbide film for the benefit of forming a strong coherent bond (column 5, lines 28- 
52). 

73. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include a metal compound film formed of a metal carbide film for the 
benefit of forming a strong coherent bond. 

74. Claim 1 1 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bernstein et al (US Patent 6,452,251 B1), in view of Zhang et al (US Patent 6,420,740 
B1), further in view of Wang et al (US Patent 6,462,417 B1) as applied to claim 1 above, 
and further in view of Terry et al (US Patent 4,675,71 3). 

75. Regarding claim 1 1 , the previous combination remains as applied in claim 1 . 
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76. However, the previous combination does not teach the metal compound film 
formed of a metal silicide film. 

77. In the same field of endeavor, Terry teach a metal compound film formed of 
silicide for the benefit of improving reliability (abstract). 

78. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include a metal compound film formed of silicide for the benefit of 
improving reliability. 

79. Claim 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bernstein et al (US Patent 6,452,251 B1), in view of Zhang et al (US Patent 6,420,740 
B1) as applied to claim 13 above, and further in view of Terry et al (US Patent 
4,675,713). 

80. Regarding claim 23, the previous combination remains as applied in claim 13. 

81 . However, the previous combination does not teach the metal compound film 
formed of a metal silicide film. 

82. In the same field of endeavor, Terry teach a metal compound film formed of 
silicide for the benefit of improving reliability (abstract). 

83. Thus, it would have been obvious to one of ordinary skill in the art at the time of 
the invention to include a metal compound film formed of silicide for the benefit of 
improving reliability. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Feifei Yeung-Lopez whose telephone number is 571- 
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270-1882. The examiner can normally be reached on 7:30am-5:00pm Monday to 
Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Sue Purvis can be reached on 571-272-1236. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system,, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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